We present the results of 90 consecutive children with displaced fractures of the forearm treated by elastic stable intramedullary nailing with a mean follow-up of 6.6 months (2.0 to 17.6). Eight (9%) had open fractures and 77 (86%) had sustained a fracture of both bones. The operations were performed by orthopaedic trainees in 78 patients (86%). All fractures healed at a mean of 2.9 months (1.1 to 8.7). There was one case of delayed union of an ulnar fracture. An excellent or good functional outcome was achieved in 76 patients (84%). There was no statistical difference detected when the grade of operating surgeon, age of the patient and the diaphyseal level of the fracture were correlated with the outcome. A limited open reduction was required in 40 fractures (44%).
The majority of displaced paediatric diaphyseal fractures of the forearm can be treated by closed reduction and casting. 1 Operative treatment is indicated for irreducible, unstable or open fractures and those which redisplace in a cast. There is a rising trend for operative fixation of paediatric fractures, especially of the forearm, without a firm evidence base for this change in practice. 2 Elastic stable intramedullary nailing (ESIN) has become a popular treatment 3 and although there are several small series reporting results, few have prospectively assessed the functional outcome. [4] [5] [6] This prospective study investigated the clinical outcomes of children who underwent ESIN for fractures of the forearm, in particular with respect to rotation of the forearm. Three independent factors were also correlated with the functional outcome; age, surgeon experience and characteristics of the fracture.
Patients and Methods
Between 1998 and 2008, 90 consecutive children with displaced fractures of the forearm underwent ESIN. Their mean age at operation was 8.4 years (2 to 15). All procedures were performed under a general anaesthetic using the surgical technique described by Lascombes et al 3 ( Fig. 1) . A single nail was used for each bone of the forearm. Generally, a nail with a diameter of 2 mm to 2.5 mm was used, with a preference for the larger if possible and without precontouring. If closed reduction failed, an open dorsal Thompson approach 7 over the radial fracture was employed and/or a dorso-ulnar approach over the ulnar fracture. The number of attempts at closed reduction and the amount of time before resorting to open reduction was at the discretion of the operating surgeon. All flexible nails were buried subcutaneously, independent of the type of nail. 3 No radial nail was placed through a dorsal portal, but ulnar nails were introduced through the olecranon apophysis for Monteggia fractures.
One of the nails in a Monteggia fracture was left clear of the skin as, in the experience of the senior author (MB), after insertion of the nail at the tip of the elbow it is difficult to bury the implant and yet leave enough protruding subcutaneously to allow a grip for later removal. Postoperative immobilisation was also decided by the operating surgeon, the majority of children (74 fractures, 82.2%) being placed in an above-elbow cast and 13 (14.4%) 33 days (0 to 53). Removal of the flexible nail required a further general anaesthetic, with all but one, a radial nail which had been cut too short, being removed. The flexible nails initially used in the series were of fixed lengths (Nancy Nails; DePuy, Leeds, United Kingdom). However, in recent years, implants that were required to be cut to size were used (Ortho Solutions, Chelmsford, United Kingdom), with or without an endcap. No patient was referred for physiotherapy.
The data collected prospectively included patient demographics, clinical and radiological features, the indication for operative stabilisation, the need for open reduction, the diameter of the nail, the grade of surgeon, complications and the outcome. The range of rotation of the forearm was documented at each attendance. The overall functional results were graded according to Daruwalla 8 (Table I ). The intention of the study design was to follow patients until removal of their metalwork. Statistical analysis. This was performed using the Statistical Package for the Social Sciences (SPSS) 16.0 for Windows (SPSS Inc., Chicago, Illinois). Fisher's exact and chi-squared tests were used to assess whether there was a statistically significant difference between the clinical outcome and the experience of the surgeon, the age of the patient, or the site of fracture and number of bones involved. A p-value of < 0.05 was considered statistically significant.
Results
Of the 90 children in this cohort, ten were treated with ESIN fixation following failure of non-operative treatment. A further eight were open fractures and the remainder were irreducible or deemed to be of an unstable configuration requiring stabilisation. These comprised displaced midshaft fractures of both bones with angulation > 10°, malrotation > 45°, complete displacement and loss of radial bowing after attempted closed manipulation. 9 During the last five years of the study, from 2004 to 2008, 357 paediatric fractures of the forearm were treated by closed reduction and immobilisation in a cast. A total of 77 of the 90 patients (86%) sustained a fracture of both forearm bones and Table II shows the distribution of fractures according to their level and the affected bone.
The nails were removed when radiological consolidation was achieved. This was defined as bridging callus across three of four cortices of both bones on the anteroposterior and lateral radiographs. Once this had taken place, the nails were removed at a mean of four months (0.8 to 17.4) post-operatively. The mean follow-up was 6.6 months (2 to 17.6). All operations were performed either by trainees on consultant-supervised lists (78, 86%) or by consultants (12, 14%). All fractures had healed by three months except for one case of delayed union of an ulnar fracture. This fracture involved both bones in the forearm and underwent ESIN for loss of position at 14 days, requiring open reduction for both bones. Although the radius had united at six months the ulnar fracture had not. However, it united within six weeks of treatment with ultrasonic stimulation (Exogen; Smith & Nephew, Memphis, Tennessee). Table I lists the overall results, with 76 patients (84%) having an excellent or good outcome. At the final followup, all children were free of pain and without limitation of sporting and play activities.
When the functional outcome was compared between patients older or younger than ten years of age, no statistical difference was found (p = 0.227). There was no statistical difference in outcome when comparing the grade of operating surgeon (p = 0.816), and this was also the case for the diaphyseal level of the fracture (p = 0. There were 13 patients with complications, giving an overall complication rate of 14% (Table III) . Of the 90 procedures there were seven wound problems, with one superficial wound infection that resolved with oral antibiotics, and the remainder skin irritations due to the nails. The rate of wound complications occurred equally between those patients who received the initially used Nancy Nails, twice the number of patients compared with generic implants, which were specifically sized and those who had the implants which were cut to length. This was also regardless of whether an endcap was placed by the surgeon. There is no defined indication or protocol for the use of endcaps at our institution. Two patients had a transient palsy of the superficial radial nerve. One compartment syndrome was identified immediately post-operatively in a patient with fractures of both bones sustained during a fall while playing football. Fasciotomies were performed and closed primarily two days later. The fractures united uneventfully, with full rotation of the forearm by nine months. There was one malunion of a radial fracture which remodelled within 15 months after operation.
Discussion
The advantages claimed for the use of intramedullary nailing rather than plating in paediatric fractures of the forearm include shorter operating time and cosmesis. 10 However, the proponents of plating 11 claim that the anatomical bow of the radius is restored. The location of this bow correlates with rotation of the forearm and a functional deficit 12 which can only be restored by anatomical reduction and plating. A particular aim of this study was to evaluate rotation of the forearm following ESIN of paediatric fractures of the forearm in a hospital which did not design the implant, and has a high turnover of trainees with limited surgical experience of paediatric fractures.
Over a five-year period, only 11% of paediatric fractures of the forearm requiring manipulation under anaesthetic underwent nailing. All were diaphyseal except three fractures of the neck of the radius, which confirms the view that the great majority of paediatric fractures of the forearm can be treated without fixation. 1 This percentage is also useful for comparison with other trauma units and for resource allocation.
It is recognised that there is a direct correlation between residual angular deformity and limitation of rotation of the forearm. In a cadaveric study, Tarr, Garfinkel and Sarmiento 13 suggested that angular and rotational deformities ≥ 10° result in limitation of pronation and supination. The remodelling potential decreases with age and little useful remodelling will occur in a child of eight years of age or older.
14 This series, however, demonstrates that even in children older than ten years, ESIN can produce excellent results and adds to the clinical evidence that good functional results can be achieved without anatomical reduction and fixation. 9 This is the largest prospective study assessing forearm rotation in the English literature and highlights that ESIN in paediatric fractures of the forearm produces good to excellent results in 76 (84.4%) cases. These results are reproducible by less experienced surgeons and support the use of the technique, as advocated by experts in the field. 15 This is regardless of the type of implant employed 16, 17 and the grade of surgeon. The high rate of limited exposure of the fracture site (44%) is consistent with the rates in the English literature 4, 18 and may be related to inexperience in 19 The good to excellent functional outcome in more than 84% of patients is also comparable with other European studies. 4 We acknowledge that although conventional teaching is to precontour the elastic nails before insertion, in order to aid restoration of the radial bow, as described by Sage in 1959, 20 the early empirical results in this series suggested that this was not necessary, as demonstrated by the arc of rotation and rates of union. 16 However, we advocate the practice of precontouring nails for paediatric femoral and tibial fractures.
There are several limitations to this study. Firstly, some cases of paediatric fractures of the forearm may have been treated with ESIN by other clinicians, and were not followed up by the senior authors (MB, JMHP, MR). Their information, therefore, was not captured. Since 2006, all paediatric trauma cases were followed up by dedicated orthopaedic consultants and so their information is complete. The large numbers of operations performed by trainees, with or without consultant supervision, in this series may be a reflection of the lack of dedicated paediatric trauma lists, which were only instituted in 2008.
From the clinical coding department, a list of 165 paediatric patients who had undergone operative intervention for forearm fractures over the previous seven years revealed no additional cases. However, there may have been errors in the coding of cases resulting in some relevant patients being missed. Also, the Royal London Hospital receives emergency transfers from a wide catchment area and has a highly transient population, resulting in difficulties in follow-up. Therefore, determination of the true rate of refracture was not part of the remit of this study, although there were no refracture during the follow-up period. This study used an unvalidated clinical outcome measure. However, it is possible that even a validated tool, such as the paediatric outcomes data collection instrument 21 may not be responsive enough to find a significant difference between paediatric patients with forearm fractures. Although the length of follow-up was limited and varied depending on the timing of the removal of the metalwork, Spearman's rank testing demonstrated only a weak correlation between length of follow-up and outcome (p = 0.34).
Given the excellent or good clinical results in the great majority of patients in this series, we recommend the use of ESIN for the treatment of irreducible or unstable paediatric fractures of the forearm.
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